Background: Classic craniofacial resection and the subcranial approach are well-established techniques for the removal of tumors involving the anterior skull base. These techniques require frontal craniotomy to allow broad exposure of the anterior cranial fossa, a procedure that may be further complicated by local infection and osteomyelitis or because of a reduction in tissue perfusion and direct communication between the osteotomy and the contaminated nasoethmoidal cavity. The authors present a new method for wrapping of the frontal bone segment with a pericranial flap with the intention of preventing these serious complications. Methods: By means of this new approach, the frontonaso-orbital bone segment is removed, the frontal sinus bone is cranialized, and the frontonaso-orbital segment is repositioned in its original anatomical place following tumor extirpation. Wrapping is accomplished by a double-sided covering of the bone segment with the pericranial flap. This vascularized tissue is guided underneath the bony segment to cover the intranasal surface and then is externalized over the entire frontal area. The frontonaso-orbital segment and its overlying pericranial flap are fixed with the prebent titanium plates. Results: To date, the authors have performed 20 subcranial operations for resection of malignant tumors of the anterior skull base using this technique. None of these patients developed bone flap necrosis or osteomyelitis following radiotherapy. In the authors' hands, the
rate of osteoradionecrosis was significantly lower in patients undergoing malignant subcranial tumor resection with pericranial wrapping than in those operated on before the study was activated (0 percent versus 20 percent, respectively; p ϭ 0.056). Conclusions: Pericranial wrapping is suitable for patients undergoing extirpation of anterior skull base tumors and for whom perioperative radiotherapy is recommended and for patients who have undergone multiple surgical procedures. (Plast. Reconstr. Surg. 116: 395, 2005.) Classic craniofacial resection and the subcranial approach are well-established techniques for the removal of tumors involving the anterior skull base. [1] [2] [3] [4] [5] [6] [7] [8] These techniques require a frontal craniotomy to allow broad exposure of the anterior cranial fossa, a procedure that may be further complicated by a number of factors. 9 First, there is a risk for local infections and osteomyelitis of the frontal bone because of a direct communication between the osteotomy and the contaminated nasoethmoidal cavity. Second, performing an osteotomy involves a significant reduction in tissue perfusion and delay in normal healing, especially following perioperative radiotherapy. Lastly, some of these patients have already undergone multiple surgical procedures before the current operation, which may promote scar tissue formation, further decreasing tissue perfusion.
In the subcranial approach, the frontonasoorbital bone segment is removed to facilitate access to the tumor. After tumor extirpation, the frontal sinus bone is cranialized and the frontonaso-orbital segment is repositioned in its original anatomical place. In this article, we present a new method for wrapping the frontal bone segment with a pericranial flap with the intention of preventing serious complications. This overlying regional flap can offer an excellent blood and nutrient supply to the two surfaces of the osteotomized bone and thereby promote healing. The technique is simple and associated with a low rate of complications.
PATIENTS AND METHODS
The surgical technique of the subcranial approach has been described in detail elsewhere. 10, 11 Briefly, after anesthesia, the skin is incised above the hairline and a bicoronal flap is created in a supraperiosteal plane. The flap is elevated anteriorly beyond the supraorbital ridges and laterally superficial to the temporalis fascia. Care is taken not to damage the periosteum. A pericranial flap is then elevated up to the periorbits, carefully separating the supraorbital nerves and vessels from the supraorbital notch. Titanium miniplates are now applied to the frontal bones to ensure the exact repositioning of the bony segments at the end of operation and then removed before the osteotomy is undertaken. An osteotomy of the anterior and posterior frontal sinus walls, together with the proximal nasal bony frame, part of the medial wall of the orbit, and a segment of the superoposterior nasal septum is performed. After the frontonaso-orbital bone segment is osteotomized, it is stored in saline until the time of the reconstructive procedure. After tumor extirpation, the anterior skull base is reconstructed with the use of a doublelayered fascia lata.
At this stage, a pericranial wrapping of the frontonaso-orbital segment is performed. This procedure begins with the removal of all the mucosa from the undersurface of the earlier osteotomized bone segment. The frontal sinus bone is cranialized and the frontonaso-orbital segment is repositioned in its original anatomical position. Wrapping is accomplished by a double-sided covering of the bone segment with the pericranial flap. This vascularized tissue is guided underneath the bony segment to cover the intranasal surface and then it is externalized over the entire frontal area (Fig. 1) . The frontonaso-orbital segment and its overlying pericranial flap are fixed with the prebent titanium plates.
RESULTS
This retrospective study was based on a review of the hospital charts and the outpatient clinical and radiologic data of 20 consecutive patients operated on between 2000 and 2004.
All the resections and reconstructions were carried out by means of the subcranial approach to the anterior skull base. All patients had malignant tumors. There were 15 men and five women aged 19 to 72 years (mean, 41 years).
The most common malignant tumor was squamous cell carcinoma (n ϭ 9). The other tumors were sarcoma (n ϭ 5), esthesioneuroblastoma (n ϭ 3), metastatic malignant melanoma (n ϭ 2), and plasmocytoma (n ϭ 1).
Six patients had undergone at least one previous operation. Sixteen patients (80 percent) underwent perioperative radiation therapy (two patient received preoperative and 14 received patients postoperative radiation). The subcranial approach was used as a single procedure in 11 cases. It was combined with a midfacial degloving procedure 9 in five cases, with orbital exenteration in three cases, and with transfacial approach in one case. The principal skull base reconstruction procedure was performed by means of a doublelayer fascia lata. We used a rectus abdominis free flap in three cases of orbital exenteration and in another case of extended radical maxillectomy. In all of these cases, we used the same method of double-layer fascial flap for anterior skull base reconstruction.
Pericranial flap wrapping of the frontonasoorbital segment was performed in all of the patients (Fig. 2) . The mean follow-up time was 23 Ϯ 9 months (range, 6 to 36 months). The overall complication rate was 20 percent, including one facial wound infection, one case of meningitis, and two cases of telecanthus. There were no cases of frontonaso-orbital bone flap necrosis in the patients who underwent this procedure. There were no cases of wound infection, cerebrospinal fluid leak, or tension pneumocephalus.
Until the use of the wrapping technique (from 1994 to 2000), we performed 25 cases of malignant anterior skull base tumor resections by means of the subcranial approach. The patients were operated on by the same surgeon (D.M.F), using the same surgical procedures, without wrapping the frontonaso-orbital segment. All of these patients had undergone perioperative radiotherapy. There were 17 men and eight women aged 22 to 89 years (mean, 57 years). The mean follow-up time was 6 Ϯ 2.3 years. The overall complication rate was 32 percent, including five cases of osteoradionecrosis with fistula within 1 year following surgery (incidence rate, 20 percent), two cases of telecanthus, and one case of epiphora. Table I shows the complications found in the group of patients operated on with and without pericranial wrapping. The incidence rate of osteoradionecrosis in the group of patients operated on without pericranial wrapping was significantly higher than that of the patients operated on using this technique (p ϭ 0.056, Fisher's exact test).
DISCUSSION
Both the subcranial and craniofacial approaches require frontal bone osteotomy to achieve circumferential exposure of the tumor at the anterior skull base. 10, 12, 13 Irradiation is a major predisposing factor for the development of osteoradionecrosis and fistula before and after craniotomy, because it decreases tissue vascularization and reduces blood supply to the wound.
14 Such pathologic changes may impair local immunity and promote bacterial invasion and colonization, especially when the repositioned bone flap comes in direct contact with a contaminated sinonasal cavity. 1, 14 We performed pericranial flap wrapping of the frontonaso-orbital segment to prevent osteoradionecrosis when perioperative radiotherapy was planned and in patients who underwent previous frontal craniotomy. There were no cases of bone flap necrosis among our 20 patients. In comparison, among the 25 patients with malignant tumors, who underwent subcranial resections without pericranial wrapping, five had suffered from osteoradionecrosis of the frontonaso-orbital bone segment. One of these patients required revision with free flap reconstruction. It is speculated that pericranial wrapping offers an excellent blood and nutrient supply to both sides of the osteotomized bone from an overlying regional flap. Moreover, the procedure is simple and does not extend the time required for surgery. The flap is readily available within the surgical field and its thinned and low mass enables the surgeon to cover a large bone segment with a single regional flap. 15 The pericranial flap is suitable for anterior skull base reconstruction and reduces complications associated with these procedures. 4, 15, 16 The main disadvantage of the pericranial wrapping technique is that it precludes use of the pericranial flap for the purposes of anterior skull base reconstruction. 16 We have, however, recently presented a large series of patients who had undergone extirpation of tumors by means of the subcranial approach followed by reconstruction of the anterior skull base defect with a double-layer fascial flap and showed that this simple technique is associated with a low rate of complications (there was one case of meningitis). 17 Thus, when fascia lata or a free flap is used for reconstruction of the anterior skull base, the pericranial flap is available for wrapping the osteotomized frontal bony segment.
The wrapping technique can also be applied following craniotomy of other bone segments if postoperative radiation therapy is planned or in cases with an increased risk of osteoradionecrosis. Pericranial wrapping can also be used for covering nonbiological materials, such as titanium mesh.
CONCLUSIONS
The pericranial wrapping is suitable for patients undergoing extirpation of anterior skull base tumors and for whom perioperative radiotherapy is recommended and for patients who have undergone multiple surgical procedures before the current operation. Whether pericranial wrapping decreases the long-term complications of osteomyelitis, osteoradionecrosis, and fistula awaits further confirmation. 
